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Abstract
Methods are presented for reducing time and ef-
fort when performing aerodynamic optimisation us-
ing response surface models. Signiﬁcant time sav-
ings are made possible by monitoring the conver-
gence of computational ﬂuid dynamics simulations
and omitting regions of poor designs. In so doing,
optimal regions of the design space can be high-
lighted and surface reﬁnement commenced early in
the convergence of the design point set. A strat-
egy employing surface updates with new data at
points of maximum expected improvement is shown
to perform more eﬃciently than reducing the de-
sign space to the region of the optimum. The re-
sponse surface evolution methods are demonstrated
through an example two parameter optimisation of
a ﬂap track fairing on a commercial airliner wing.
Introduction
Aerodynamic shape design can be optimised by
simulating the ﬂow over a number of geometries
throughout a design space so as to construct a res-
ponse surface model (RSM). This model is used as
a surrogate instead of new simulations when search-
ing for the optimum. Since the shape of the RSM
is not known a priori, the same amount of com-
puting eﬀort is normally applied to all points when
building the RSM. However, signiﬁcant time sav-
ings can be achieved if more eﬀort is directed at
ﬁnding the optimum rather than modeling regions
of poor designs.
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A ’reasonable design space approach’ has been
used by Balabanov et al.1 and Giunta et al.2 to
reduce the design space using a low ﬁdelity analy-
sis prior to evaluation with a high ﬁdelity analysis.
This approach relies on the availability of a suit-
able low ﬁdelity model. Often this model will be
empirically based and may not be applicable for
new areas of research or radical designs.
Modern parallel computing architecture makes it
possible to update the RSM at many points simul-
taneously. A sparsely populated design space can
be updated in promising areas by using parallel up-
dates at maximum expected improvement4 optima.
Sobester et al.6 have shown that this method en-
hances the eﬃciency of RSMs by sampling points
in areas of promising designs.
The RSM schemes mentioned above are based
around ﬁnding and searching the area of the op-
timum whilst reducing the eﬀort spent in areas of
poor designs. The expected improvement approach
is attractive because it does not exclude areas of
the design space but, rather, intelligently selects
promising regions. When parts of the design space
are excluded there is a chance that the global opti-
mum could be excluded at an early stage.
This paper presents the use of partially con-
verged computational ﬂuid dynamics (CFD) results
when building RSMs. When RSMs are constructed
at intervals throughout the convergence history of
the CFD simulations, it is seen that all design
points converge at a similar rate and information
about the nature of the design space can be ob-
tained early in the iterative process. Regions of
high expected improvement can be found when just
the broad shape of the RSM is known, without fully
converging the CFD data.
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